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1. T+ accordance with the AFSWP letter to the Services and other
snterested acencies, subject: "Anralysie of Atomic Wcapons =Zffects Program”,
daited 2 iarch 1953, the inclosed informetion has been prepared. This data,
relatin~ to the current status of knowledge in the medical and personnel
efTects of atomic weapons, is specifically directed toward operationsl
recuiremerts. Certein medical aspects, such as therapeutic problems, have
not heen discussed es they are outgide the scope of this study.

2. The conclusions end recoursendations made in the study represent the
onin‘on of the AFSWP. Fo eladoration is attempted. Definite statements are
made on which to “ase discussion at the conference scheduled for 10 September
1953 at Headquarters, AFSWP, Vashington, D. C. Members of the Effects 3
Di *sior will present the currert knowledge of basic physical measurements \:ﬁ

. N

at the conference. }i
<
3. It is requested that the inclesures be reviewed so that these and i\}\:
any nroblems that may have been omitted cun be ‘evaluated by the technical \"Q{ \l;
rerresentati-es at the conference with the objective of: §Q NN
RN
a. Definitely establishing those fields of weapons effects in g - e§“
which sufficient information for operational needs is available and for whicﬁ 8 s
edditional full ascale test or R and D laboratory projects are not required. L \ug! %
« N
BRI
%Y. Definitely establishing a minimum requirement for additional Lz) S : N
full scale tests or R and D laboratory projects to fulfill operational needsg A SN
< g I _
k. The conclvsions of the scheduled conference will be incorporated in Lg'. g tg
an overall effects enalysis study. % % V“g
z(
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Biomedicél Air Blast Injuries Direct

To determine the effects of direct air ¥last on animals.

A number of different methods for exposure of animals have Ween
attempted including simple mesh cages, sliding'cages, open end
aluminum cylinders, and foxholes,” The various methods, with
the exception of foxholes, were designed so as to shield the
animals fgm secondary blast effects (missiles), thermal radia-
tion and some of the nuclear radiation. None of the containers

have been entirely satisfactory.

The complex prodlem of effects of direct blast resulting from
atomic detonation has not been solved; however, based on direct
physical measurements of blast, extensive laboratory high explo-
sive studies, some human experience during the bomding of London
during World War II and the work done in Europe during the last
ten years, it is generally agreed that direct blast is not an
important cause of atomic weapons casualty production. Under
unusual circumstances, i.e, certain types of shelters, direct
blast might be the primary cause of casualties.

Zuckerman states that the lethal ®last range for humans exposed
to HE detonations is in excess of 350 psi although some of the
above data suggest that the longer ¥last duration of ABD blast
waves may have a different effect. Anatomical damage can be
done at much lower psi levels. The range of damage to eardrums

- i8 in the order of seven to twelve psi. Minute internal hemor-

rhages especially in the lungs and gas containing abdaominal
viscera may appear at pressures in excess of 10 psi, Humans
exposed to ten to twelve psi in foxholes at UPSHOT-KNOTHOLE

noted no ill effects,

Physical measure%ents of direct blast pressures following
atomic detonation clearly demonstrate that fatal overpressures
occur only in the areas where either the nuclear radiation or
the thermal radiation will also insure fatality.

Direct blast is not important as a casualty producing agent
except under very unusual circumstances. For military purpcses,
the effects of direct blast of atomic weapons on personnel can
be ignored. Casualties from blast effects result from indirect
effects, i.e. missiles or bodily displacement by the ®last wave,

as related to an atomic detonation is required, Special shelter
experiments are being carried out by other agencies and should

No further experimental work on the effects of direct blast
be followed as they may lead to basic information of value. \
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Biomedical Thermal Effects

To evaluaie the biological thermal radiation hazard from an
atomic detonntion including possible evasive measures, the
protective effects of structures end shelters, and the
protective effects of personal equipment including clothing and
protective creams.

Extensive thermal lsboratory and ficld experimcnis have been
conducted. Close working coordinztion has been effected with
the physical thermal mesasurements in order to determine charac-
teristics of the thermal puise. Spectrum, intencity end atten-
uation factors have been evaluated by physicel measuring
devices as well as by exposure equipment specifically designed
to evaluate physical factors by actually burning biological
specimens.

Physical indicators and animals have been utilized to determine
the piotective effects of various types of shelters including
fo:xholes.

A combination of laboratory and field data have been used- to
evaluate protective effects of clothing and other personal
equipment. An active program has been initiated to develop a
skin similant which will replzace the requirement for the use
of living biological specimens.

The time characteristics of the thermal pulse have been deter-
mined for yields up to 500 KT. Thcse churacteristics make |
evasive action impossible. The speciral characteristics for
airburst have been determined. Surface burst spectrel date is
not complete. :

Threshold values for luman skin have been determincd for first
and secong degree burns in humzn experimentation and exirapo-
lstion of animzl data obtsined in the field and laboratory 1is

- adequate for thc threshold valuc of thirg degree burns. Dark

skin is more sensitive than light. This,of particuler import-
ance in the range of two to five calories.

Structurss and shcliers including foxholes offer comnlete

protection from thermal injury so lorz as there is no line of
sight exposure of the torgzt.

Laboratory. sources have beern developed which adequately sirulate
the bomb pulgse for thc production of smell ares burms. Ficld
experience with the pig indicates no essential aifference between
small and large area burns on cxncsed skin. There is no accept-
able laboratory large area source available, but it is hoped that
a magnesium furnzce will be put into operation this year.

Protection afforgs
the labcratory 2

complete prog &
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STiTUS OF systems. The two layer system and the importance of draping
KNOALEDGE: hcs not been resolved. Spectrrl voristions for surface bursts
(Cuntrd) and lerge yield weapons (above 100 KT) may influence fabric
) protection. Fire resistant fabrics reduce secondary flame but
t{ La, . \ 4h' do not appear appreciably more resistant to transmission of the
. Yev Co :“4 primary pulse.
"l“o'}eC'b MA'\“S* - ]
- ) Standard Navy Department flash creem is effective in protecting
ZV'L‘"\\ Wovug ‘*a’ t otherwice unshielded skin and its possible use in selected

?1-°*4/¢n~.5¢¢, operational situations should be considsred.

CONCIUSIONS:For onerational recuirements, basic airburst thermal radiation
data relating to effects on unprotected skin is adequate.
Spectral variztions for surfece burst and large yield weapons
need further evaluution. The protective effects of clothing
(less than four luyer system) has been partially evaluated.
The influcnce of fire resistznt fubries, dreping, and variations
in spectrum is not resclved. The protective effects of shelters
is known.

Adecuzte lavoratery sources for small area burns are evailable
but a large arcn scurce awsilts testing.

RCOMMENDA- The probiems asscciated with the protection offered by clothing
3 T10NS: can be approechcd in thz laboratory tui fimel verificatios will
reguire fizld tests.

Spactral variations can be resclived in the laboratory once - \
accurate physiczl data is cbtzined.

The use of the bomb, as & tucrmal source, for evaluating mass \
cacualty therapeutic methcdc may be required.
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Thermall Effects on the Eye

A, To determine to what degree the flash of a nuclear
detonation impairs the vision and reduces the efficiency of
military personnel during daylight and night operations,

B. To evaluate protective devices developed for the
purpose of protecting the eye against visual impairment result-

ing from excessive exposure to light.

Utilizing human volunteers and animals,a number of observa-
tions have been made, Human volunteers were exposed during
both daylight and nighttime operations and then studies made
of their visual acuity. In addition, a theoretical and
practical laboratory approach was initiated in 1951 and is
being continued at the U.S,A.F. School of Aviation ¥edicine,

Subjective and objective examination of the Japanese
survivors of Hiroshima and Nagasaki demonstrated surprisingly
little evidence of thermal injury to the eyes, In one group
of a thousand persons within two thousand yards of ground
zero no lesions of the fundus were found which could be attri-
buted to the thermal effects of the bomb, Even the eye lids
(when the patient has sustained severe facial burn) showed
only occasional injury. A history of temporary (a few minutes)
blindness was elicited from a few patients and an occasional
individual stated he was blind for a matter of days, In this
latter case it was the opinion of the attending medical
personnel that hysteria might be responsible,

For discussion purposes, thermal eye injury is divided
into three categories . .

1, Temporary (flash) blindnesst Evaluation of human
volunteers (air crews) at BUSIER established no visual im-
pairment under daylight conditions where other hazards (heat,
blast and radiation) were not encountered. Under simulated
nighttime conditions at TUMBLER-SNAPPER and UPSHOT-KNOTHOLE,
there was definite temporary flash blindness in unprotected
individuals. -

Tndividuals must be focused so that the detonation is in
the direct forward field of vision, Even under nighttime
conditions, there is no impairment of vision unless the fire-
ball is in the forward field of vision,

2, Retinal Injury: Four instances of retinal burns in
humans. have been encountered. Three of these occured under
complete dark adaptations at Operation SNAPPER and one
occurred under predawn {30 minutes) lighting conditions at
Operation UPSHOT-KNOTHOLE, In two of the above a permanent
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% rabbits to a distance of 28.5 1es, however, the significance
‘ of this finding in its relation to lLuman rctinal burms awai;tis .
\Q\P'{Jw further laboratory investigation, 3 st ,.( 1o && sz e

$ LY L3
Q/"‘N' \)'\L 3, Protective Devicest A number of protective devices
b) X have been used., FExpericnce at UPSHOT-KNOTHOLE demonstrated
(} o that if all wave lengths were screened out by adequate glasses

except between 600 and 680 millimicrons, thcre was complete

protcction, 1 PDurn pwX 5{ Lo Harw Hhe ;(H&\‘s.
CONCLUSIQ!!S: Flash blindness during daylight and night operations will

not present an operational problem for ground troopss Daylight
operations will not be impaired for air crews. Loss of visual
acuity under nighttime conditions presents an operational
hazard for unprotected air crews. Glasses similar to those
used at UPSHOT-KNOTHOLE will give adequate protection for all .
operational requirements.

If the fircball is in the forward field of vision, retinal
burns may be produced. '

S/

RECOMMENDATIONS: Further laboratory work is indicated to evaluate the . /
findings in test animals in Opcration UPSHOT-KNOTHOLE, /
hdditional field tests are not required for human volunteer ] 0
cxcept to evaluate new types of protective filters. ,{!’(
PROJECT AGEICIES EUSTER-JLNGLE Q“ A
- AND PROJECT School of Aviation Medicine V. Ae Byrnes, Col, MC, USAF
OFFICERS:
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2, TVT-530, Project k.S, SWAPFER, "Flash Blindness", Apr-June :
1952

3, TWI-56k, Operation SNAPPER, "Flash Blindness", Final Report
to the Test Director, 1953
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SUNJECT: Rediological Hezards From An ABD, A’pha, Beta, and Gamma Radiation

ONJILCTIVE: To determine the nuclear radiation heterds from an atomie
detonation including both internal and externsl hazards.

The primary ovjective of field tests has been to study phenomeno-
logy 88 it occurs following & bomb detonation so that suitsble
radiation sources could be developed and evaluated for use in the
leboratory. Biowmedical procedures have been closely coordinated
with applicable physical weasurements of the radiation peremeters.
Tn addition to actual exposure of biologlcal specimens, where
correlations of lethality and various organ system responses with
rhysical measurements were made,phantom studies were done to
evaluate the importance of depth dosage. These tests were carried
out under conditions of varying weapon designs and yields.

PROCYDURES:

Txtersive pathological examination of the exposed animals,
ireluding serial sacrifice studies, were performed to obtain a
better basic understanding of the radiation syndrome.

Internal hazards were evaluated when suitable conditions vere
available. The internel hazard problem has been compared to
£ existing animal data derived from laboratory experiments and a
o - limited nuuwber of human accidental exposures.

The Japanese data Las veen thoroughly analyzed and in the past
year additional whole body radiestion of hucans has been
accorplished in conjunction with therapeutic rsdiastion problems,

Protective shelters and personal equipment, including gas resks,
collective protectors and clothing have been tested in the field.

. STATUS OF
KNOWTLEDCE: A. External Radiation

l. Gamma

a. Acute effects; The mechanism of action of radiation
is urknown, Thé speciruan of the prompt and the residual radia-

tion is still largely urknown, but comparison of effects in
the £ield to those produced bty laboratory radiation sources allows
us to make ressonable masumptions regarding possible effects.

Operational militaery tolerances have been established,
Recent human whole body studies in the laboratory have verified
the tolerances in the range of 0-150 roentgens, In the mid-lethml
and lethal range, the dosages for man are not vell established.
Due to bioleogieal - ariation, the lethal dozage for a given

individual - K

INCLOSIRE IMo. h.
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Rediological Hazards From An ABD, Alpha, Beta, and Camma Rddistion

The re Tﬁe relative biological efTectiveness of gamma
radfation,as determined in the mouse, is essentimlly one (1)
compared with a 230 KVP x-ray machine, The RBRE for man is not

definite,

Veriations in dose rate from 1 minute to 40 nminutes
do not essentially n¥fect the biological response. The data has
not ceen determined for either extremely high dosages delivered
in a short period of time or for chronic dosages, except to indi-
cate that f7eld data at very high dose rates in the mid-lethal and
lethal range correlates well with laboratory calibrations at lower

dosage rates.

The effective energy of & residual field and its
correspornding fng is under study at the present time.

Pat:oiogical studies of animals at Tield tests reveal
no essentiasl difference other than for species variation from the
rathological exanination of Japanese fatalities at Hiroshima and
Tagesaki.

The prompt reactions or immediately incapacitating
el ecls of vestly super-lethal dosages is unknown. Recent
leboratory work will be discussed at the meeting.

Shielding afforded by military structures, including
fox holes, iz known or can be roughly calculated for any specific
structure,

T. Chronic effects: No information has veen obtained
u~rder field conditiors. A numver of R and D projects sponsored
by various agencies have sllowed us to make general predictions
88 to possivle effects. pAll of these projects, however, have
“een done with animals and there is very little data available on
man. The NEPA estimates end those appearing in the Handbook on
ftomic Weapons for Medical Officers represent best available
information., In general, there seems to be a significant recovery
vollowing radiation injury so that tolerances to intezrated
chronic dosarges may ve significantly increased over those to

single acute exposures.

2. Eeta.
The measurement of the external beta hazard with currently

available instruments is difficult. Various estimates based on
lstoratory type measurements and theoretical calculations have




SUBJPCT: Radiolorical Hazards Frox An ABD, Alpha, Beta and Garma Rediation

indicated beta-ramma ratios of from 10 - 1 to several hundred to
one derending upon the conditions of reasurcrment. Estim-tes
baced on the opinions of experienced radioclorists indicate that
for usunl operationcl condition- there will bo no extern-l teta
hazard unless there ie an associzted large garma hazard, This
has been verified, for the case of f2ll1 out contanination, by
expericnce ot ficld tests and a recent specific project designed
to measure the relative beta hazard, Thero are certain instances,
however, involving isolated problems in vhich the beta hazard may
bo important, Twclute Cayrl H_QMH"(M yroblev~
: in aiatim,

Adecuaite knowledge exists or can be calculated for the

shiclding effects of nilitary structures and field fortificationms,

B. Internal Radiation

The biological and thyscical half lifes of the imnortant
fission fragments are knoim, The relativo importance of elpha
and heta emitters vhen retained in the body in amounts above
tolcrance levels is not knowm, Studies on radium amd
resothorium have been extrapolated for alpha enitters in excess
of tolerance amounts, The problem of the single "hot" particle
has not been resolved,

a. Inhalatlon, The irportance of -~article size is knowm,
Stucics based on J-NGLE indicated no internal hazard from a
surface or sub-surface burst unless an overwhelming extcrn~l
garma hazard is rresent, For air crewe operating through an
atonic cloud, therc is no significent internzl hazerd unless
an overvhelming external hazard is -lso present,

Protective devices, including gas masks and collective
rrotectors, have been tested and give adequate nrotectlon,

- b, Inpestion, Food and water tolcrances have been estab-
1lishcd vhich arc reasonable for operational rurposes, Standard
enginecer field wurification . systerms 1ill adcouately decontaminate
vater, Food may be decontaminated by romoving the external
contaminated surfoce,

COICLUSIONS: Current operationsl reculrements can be fulfilled with presently
avallable cxternzl effects information,. Further laboratory work
on humans in the range of 1 - 200 roentgens, inclvding lonp-term
follow up of the offects, is indicated,.

Aveilable lethal cffects infornation is adequate except in the
field of pronpt response to overwhelming doszges,. Individual
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biological variations end the relatively small ground aroa
involved in the range betwoen 300 - 607 roentgens do not justify
further rortality studies in animals,

Further data is required to verify predictions of the effects of ‘
repcated exposures in the acute tolerance range,

The internal hoazard is not of operational importance, If an
internal hazard is present, available protective devices are
adecuate,

RECOM}MEIDATIONS: Contimue laboratory studies on the nechanism and effects of \

vhole body radiation on man in the range of 50 - 200 roentgens,

Field studies are required to determine the range of irmediate 'l
incapacitative doses,

Continue studies on gamma spectrum, particularly involving the ‘
residual field,

Tong-term inhalation studies are required to evaluate the "single \
hot particle"™ problem,

then therapeutic rrocedures are developed vhich might influence \
the effect of radiation injury, field studies involving mass
casunlty nrinciples +ill be required.
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Rediological Hncerds From an ABD, Neutrons

The measurement of ncutron effects on various.biological
systems,

TEST PROCEDURE:The responses of biological systems have becen calibrated

STATUS OF
KNOTLFDGE:

Incl #5

against knorm doses of laborctory x-rays permitting the
evalustion of neutron cffects in terms of REM units. Mice
were exposed to the thermal column of the Los Alamos weter
boiler where & reasonable estimate of the physical damage.
reccived in REP units could be determined for the various

biological systems tested.

iice end some other biological materials were exposed at
vieapons tests within seven inch thick lead hemispheres
designed to protect them from blast and thermal radistion
and to eliminate gamma radiation which would otherwise
affect the same systems studied for neutron effects.

Lethality, atrophy of the spleen and thymus, mitotic depres- ’
sion of the testes, end iron upteke by the bone marrow all
showed an RBE of 1.5 to 2.0 between x-rays and thermal
necutrons for mice exposed in the laboratory. RBE for cata-
rocts wes greater by a factor of four or more. Two strains
of mice showing differcnt sensitivities for x-rays demon-
strated the same RBE for thermal neutrons. Little experi- l
mental data for fast neutron exrnosures is available.

Initial calculations indicated thrt the animels exposed at
weapons tests within the hemispheres demonstrated about 90%
of the neutron effect thzt they would have shown had they
been exposed to the neutron radiation of the weavons in
free eir. Recent work indicetes that such shields attenuate
neutrons more severely than this, and that the correct
figure mzy be no higher than 50%, denending to some extent
upon the external neutron ssectrun. :

Various biological tcst systems in mice charscteristically
showed different REM values at sny given station in the
weapons tests, and the time of perk death following mid-
lethal exposures was less than that for comparable x-ray
doses, indicating that orgen system radiosensitivities and
species mechanicms of derth mey differ somevhet among
different ionizing rzdistions. Grectest reliability and
consistency of data was found zmong lethality and spleen
and thymus ctrophy, with the letter proving most practical
for correlation with physical data,

Comperison of REW data with physicel nmeasurements sho-ed

the biological response to be guite sensitive to neutron
spectrum. It is clear thot these biologicsl systems operate
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as excellent indicators of the integrated biological effect
of boib neutrons even in the ebsence of physical spectral
data; and their use in conjunction with limited physical
date allows them to be employed 25 relative neutron dosi-

meters.

As predicted, the imnortance of neutron biological effect
comnared with bomb gamma varied markedly with weapon design
end yield, ranging from insignificant where veapon design
end yield were unfavorable to neutrons to & factor at least
as great as gemma (et the range of mid-lethal dosage) in
cases Tavorable to neutron rclease from the fission essembly.

Nevede tcst data showed neutrons penetrate soil less well
than gemmzs; although foxholes provided less protection
from scettered neutrons than from scattered gammes. Neutron
induced activity in biological meterisl has been shown to

present no personnel hezarq.

e

Because of its sensitivity to specific ionization, genetic
materisl has proven useful in differentiating the importance

of gamma and neutron effects vhen both are present.

Menger date concerning neutron spectrum and relating neutron
effects to animal size and sovecies differences has made
extrapolation of the weepons test information to man
extremely unreliasble. A qualitative theory hec been
estzblished permitting the mouse field data to be viewed

es the upper 1imit to the neutron response (in term of

REM units) to be expected in men, but there is little
experimental confirmation of the assumptions involved.

Physical theory predicts that the range of nucleer rsdia-
tion effects, including neutrons, will be very greatly
increased at high altitudes. The above limitatlions on
the extrapolation of weapons test neutron dota to man do
not permit an accurate estimate of the increase in neutron
biolorsical effects to be anticipated under these circum-

stences.

There is no current work being done with high doses of
neutrons cdelivered et very high dose rates, compzrable
with camme experimentotion now in progress vwhere a prompt
biological responsc has been demonstrated under similar

circumstonccs.

The biclogical data suggest that the mechanisms of [
resnonse to neutrons may be somevhat different from those

to x-rays in a riven specles.

Tne effect on neut

pheres used ir# G b ‘&
in the past.
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RECOMMENDA-
TIONS:

the noutron spectrum, and it is clear that biological
cystems are good indicators of the integrated effect of
a ncutron spectrum, but good correlatiorn is hampered by
lack of physical data.

Neutron biological effects appear to be very sensitive to [

The mouse data shows that neutron biological effects are
important only in thoce circumstances where weupon yield
and configuration favors nreutron release and that in these
instances the neutron effect may be roughly comparable

to the gamma effect with distance, perhaps being even
greater at distances less than that where mid-lethzl gamma
dose is delivered.

Foxhecle shielding appears to be less effective in protect-
ing against neutrons than against gammas.

The RBE of neutrons for cataract formation is high.

At high altitudes thc range of neutrons relative to other
effects becomes increasingly important.

1. To predict neutron responge in man; ]
2. More erperimcntal data is required;
(1) on the response of mammalian species to
neutrons of different energies,
(2) on the response of animals of different size
an? species.
b. Calculations of neutron penctration in tissue !

should be made.

Z. One more field test should be performed to obtain
good physiczl data outside and inside thz hemispheres
to tie in previous bloloZical data with good physical
mcasuremznts.

e U T,
AR

a. Studies of physicul spactrum to be correlated with
biological data,

o P et 87 4

b. Data should be obtained on the effect of the lead
hcmisvheres on the neutron spectrum.

3. Studies of high doses of neutrons with larger animals
when delivered at very high dose rates.

T e ~rea————

4. Participetion in high altitude tests if progremned.
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Combined Injury

To determine the effects of combined blast, thermal and radiation
injuries.

No specific field tests have been éesngned with this objective.
Experience at GREENHOUSE and UPSHOT-KNOTHOLE has given field data.
Analysis of the Japanese data indicated that there was a

nunber of combined injuries but the nature of the data made
evaluation difficult. Charts will be presented at the conference
which show the probabilities of combined radiation and thermal
burns occurring in the same individual.

a. Burns and Radiation

(1) At GREENHOUSE it was demonstrated that "if thermal
burns progress to a point of partial epithelialization, healing
proceeds in spite of mortal radiation injury. However, granulat-
ing biopsy wounds or burns become gangrenous or slough when

* signs of radiation sickness develop". Experience at UPSHOT-

KNOTHOLE was similar,

(2) ZLaboratory experience at Medical College of
Virginia in 1950 indicated synergism. Small, non-lethal con-
tact burns gave a high mortality rate when combined with non-
lethal amounts of radiation, These results were only partially
confirmed in the past year. Radiant energy burns apparently
produce a milder systemic effect and therefore a lower incidence
of mortality when combined with non-lethal radiation.

(3) Recent work at the Naval Radiological Defense
Laboratory with hot water burns was similar to the contact
burns at Virginia. Radiant energy burns have not been fully

analyzed as yet.

b. Fracturés and Burns

Combined fractures and burns have been studied in
dogs. The results indicated that plaster casts may be contra-
indicated in the treatment of fractures with overlying burns.
Intramedullary neiling even though the burn wes more satis-
factory. The zpplicabili%y to humane has not been evaluszted.

c. Radiation and Surgery
Surgery (resection of bowel) following radiation had
no effect on either the recovery from surgery or the course

of the radiation syndrome,
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Combined thermal and radiation injuries represent a
relatively small fraction of the total casualty load. Combined
blast and thermal injuries represent an undetermined portion of
the total casualty load. '

There is no evidence to indicate that radiant energy
burns and radiation will materially affect the clinical manage-

ment of patients.

Further work is required to evaluate the problem of
fractures complicated with burns.
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